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ABSTRACT OF THE DISCLOSURE 
An aU-fiber, aU-states of polarization linear design depolarizer is provided. It is made 
of two polarization combiners with a 2x2 directionBl coupler between ibem. The connections 
between the coupler and the two polarization combiners have optical phase del^ and half 
Mfave polarization roiatois to make proper adjustments. 
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ALL-FIBER LINEAR DESIGN DEPOLARIZER 
FOR ALL-STATES OF POLARIZATION 

FIELD OF THE INVENTION 
Hiis invention relates to an all-fiber depolarizer that can be used to d^lari2» any 
state of polarization (SOP) and is liierefi»e suitable for all-SOP depolarizatioa It also 
indudes a mediod of making such depolarizer. 

BACKGROUND OF THE INVENTION 
In a co-pendiAg Canadian patent applicationNo. 2^93.172 which is inooiporated 

herem by reference, ftere is alieaify disctosed an aU-fiber linear desi^ 

however, suitable only fior depolarizing a single state of polarization. 

Thereis clearly a need for an all-fiber. afl-SOP depolarizer that would allow 

dqpolaiization of light fiff aiQr and all SOP. 

SUMMARY OF THE INVENTION 
The aU-SOP. aU-£iber depolarizer of the present invention is a combination of two 
polarization combineis (PCI and PC2) with a directional coupler positioned in between, sudi 

as a 3dB 2x2 coiq)ler. A pobrizatiott rotator means is also used to rotate the polarization; this 
can beahalf wave component producmgapolarizationmainlauung half wave lengfli, such 
as a half wave plate, a twisted fiber, a fiber configuration using Beny's phase, an axiaUy 
rotated PM fiber, or similar device. Such rotator device has a birefiingence axis making n/4 
tad with the potarization combiner (PC) axis. There must also be provided optical phase 
delays between each polarization cmnbiner and the coupler. 
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To desoibe llie mecbanism of dqwlarization <me can use tile Jo 

ii^MitUglrtwaveSOPcanbegeneiaUydesOTTjedlvt^ by reference to Oe 

PC axis (x^) by: 

where /( (V) is tbe amiditude spectral shape of the light souree and 6 and <p are conelated to 
tbe azimut % and dlipticity i\ of tbe SOP by the relations: 

sin(27) = sin(2^) sin(9») 
tan(2y^) tan(2^).cos(«;>) 

The ou^pute Of PCI are sodi that the SOP in fiber A is Y and SOP in fiber B is X. The 
Jones vectors Ea and Eb at the outputs A and B are respectively: 

w^iere yji- and are the PCI induced phases on Y and Xpolariartionsiespecti ^ 

optical phase delay (dehQfl) is induced between the wave pn^agating in the two brands 

and B. A polarization rotator device is used to realize a 90 dearees rotation of the Kghtw^ 

SOP propagating in fiber B. The Jones vector of «ie field at tbs input of the 2x2 directional 

coiqilerare: 

=[sinAexpit+yi^)}-^>'(^> '[^ff^^^f^ +Je/^l)}-^^(^> 

The optical delay is induced by using unbalanced fiber lengths between tiie PCI 
outputs and the coupler inputs. However this optical dehiy can be induced usiqg a difference 
m the refiactive index medtom. 
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Interfe^ncewm occur atthecoupler since the SOP attl^inputsof^ 
At A and B outputs of the coupler, the Jones vectors are: 

PC2 can be written in tenns of Jones vector as: 

frequency v are: 

sin»..sin»(f ).cos^..cos»(^J. I.,^^.,^,,,,^^^^^ 



•/.(V) 



The light source has a power spectral densify5(v) : 
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The total avetsge intensity is noonalizcd to unity: 
The coherence length of the light source is: 

0 

The autocorrelation fiinctioa G(L) is defined as: 

Because oftheFourier^ransfimn relation between and G(L). their widths i 
iiiven^lyrelated OnecanshowthatifLisgreaterth^ 



(are 



zero. 



Tlie theory of partial polarization is based on duu^^ 

apticalfield vector (eq.) by correlations and cross conelations. TTiese components 

describe tile coherency matrix G: 

v*ere the diagonal elemeats are the average intensities Ix and ly 
diagonal elements are the cioss^nelations. 

The degree of polarization is given by: 
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DOP^ 




The f olloiviiig two conditions can tiius be presented. 
Condition 1 : Equal average intensities for X and Yi»larizati^ 
To increase the polarization sciambliqg at the output of the depolariser, the condition 
on equal average intensities Ix and ly has to be satisfied. 

- If tiie optical delay induced by dekyl is much greater than the coherent 
source, thra tiie average intensities for X and Ypolazizations are given by : 



- The condition of equal intensities Ix and ly is satisfied for any SOP for a coupler difference 
phase 6a ofna, which indicate that a 3dB transmission coupler is tiie more appropriate 
coupler. In this case: 



Condition 2: UncoirelatedX and Y polari2ations 

The two orthogonal components X and Y are completely uncorrelated \*en the 
cross-conrelationsGj^ and Cig^ are equal to »ro. 
Dnoting: 





fiar any (ff^^), ie. for my SOP 



de!ayl » 



c 



delayOL^ 



c 



One can write the cross*conrelations as: 
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2'' 




Hence G„ »0 for any SOP if 
6Ll»L, 

jA£l-AL2|»Z, 

An advantage of this linear-desigD all SOP-depolariser is its easy way of integfation. 
First of all, the 3 dB wxfkx and PC2 are assembled using powermeasinemoitwitfk a given 
linear SOP at the iiqmt Hie rotator device is adjusted such that a maximal power is detected 
at the output of the PC2. At *is level, the device is a depolariser woddi^ for a linear SOP at 
the input of the 3dB coupler. To allow an aO SOP depolarizer PCI is then added. Polarization 
rotator devices are used in the blanches between PCI and the coupler to make die 
polarizations parallel and aligned with one eigen axis of PCI. This is made by optimiziqg the 
power detected at the output of PC2 using a given SOP at the input of PCI . One can then 
verify a low and constant DOP for any SOP at tiie assembly iiqiuL 

Therefore, suiprisingjy, it was found tiiat an all-fiber, all-SOP linear design 
d^larizer can be i»oduced by providing an additional polarizaticm caxsAmsc and 
comecto^ it in a contrDllable mannor to tin input side <tf tiie coupler of tin all-fflier linear 
design depolarizer that is disclosed and claimed in applicant's Canadian patent application 
No. 2,393,172. 

Thus, the all-fiber, aU-states of a polarization, Unear design depolarizer of the present 
invention for depolarizing a li£^ source comprises: 
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(a) a first polarizatian combiner vnfb two iapats and two outputs; 

(b) a direclionaloouplCT connected to said firet polarization 00^ 

brandies extending fiom Uie ou^ of the first polarizatioa combiner, one of the 

btanches between the coupler and the first polaiizBtion combiner havi^ 

adapted to produce an optical phase del^ greater than the coherence lengfli of the 
Kght source, and each of the two branches having a polarization rotator means 

adapted to make the polarization in the two brandies parallel and aUgned with one 
&Bpa axis of die first polarization combiner; and 

(c) a second polarization combiner followmg the coupler and connected by two 
brandies to said coupler, one of the branches between the coupler and fiie second 
polarization combiner having means adapted to produce an optical phase delay 
greater than the coherence lengA of the light source, and also having a polarizatian 
fotatimi means adapted to maintain a half wave length. 

The method of manufi»ttiring the novel aU-fiber, all-SOP depolarizer, comprises: 

(a) connecting a dtrecttonal couple and a polarization combiner by two 
branches, using power measuremem wiA a given linear state of polarization at 
Hw input of the couplo; 

(b) i»oviding in one of die branches between die coupler and die polarization 
combiner an optical phase delay greater than the coheience lengtb of fte light source 
to be d^larized and a polarization rotator means and acQusting said polarization 
rotator means so that maximal power is detected at the ou^ut of the polarization 
combiner; and 

(c) <»nnecting by two branches another polarization combiner at the opposite side of the 



CA 02414023 2002-12-12 



coupler and providing in one of the tnanches between said polarization combiner and 

the coupler an optical phase delay greater than the coh^ 

swace. and a polarization rotator means in each branch to 

the two branches paianel and aligned vwth one eigen axis of the polaria^ 
combinfflr. 



Ion 



In the above described aU-fiber linear design depolarizer for all-states of 

polarization and method of produch« same the fibeis used are standard sing^ 
(SM) fibers. However, it would also be possible to use birefiingent or polarization 
niaiiilalning (PM) fibers, in which case the polarization rotator means would shnply 
be achieved bya90» axial rotation of the PM fiber in the ptaces where the 
polarization rotator means or devices are provided Tins can readfly be acMeve^ 
example, by fusion spKdng the PM fibenj at a 9(y' angle to obt^ 
wave polarizatioa It shouldbe noted, however, that PMfibeis are more expensive 

than SM fibeis and consequently it mm' or may not be appropriate to use them 
dqioiding on ^lecifio circumstances. 

BRIEF DESCRlPnON OF THE DRAWINGS 
In the appended dmwings: 

Fig. 1 is a schematic representation of the basic design of the depolarizer of the 
present invmtton; 

Rg.2isaschematicieprBsent8tkmsimitartothatofFig. Lbutuidicatingthe 
birefiingence axis configuration; 

Fig. 3 is a schematic representation simflar to that of Fig. 1 and Fig. 2. but fiirther 
showing file SOP propagation; 
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Fig. 4 is a gtaph shown« the DOP as a function of time with SOP scnunbling; and 
Fig^ 5 is a graph showing the PDL of the novel linear desiga as a function of time 
MviHh SOP scrambling. 

DETAD-ED DESCRIPTION OF THE INVENTION 
A preferred, but non-limitative embodiment of the invention will now be described 

with reference to the drawings in which the same elements are identified with ti^ 
reference numbers. 

Fig. 1. illustiates a schematic anangement of the aU.fiber, all-SOP linear design 
di^larizer of the present invention. In this figure, INI and IN2 represent two inputs through 
fibMS A and B respectively into a first polarization combiner PCI. Such pohirization 
combiner may. for instance, be a Mach-Zehnder inteiferometer. Following the polarization 
combiner PCI , the fibers A and B connect to a directional coupler DC, such as a 3dB 2x2 
coupler. Brandi A between PCI and CD has an axis alignment device PRl , sudi as a X/2 
rotator device which, for example, may be a half wave plate or a twisted fiber prodncmg nf2 

rotation. Branch B between PCI and has a loop LI produciDg an optical dehqr in diis 
branch greater than the coherence length of the Ught source of the light pumped, for instance, 
into INI . Other means for producing such optical delay can also be used. Moreover. Branch 

B between PCI and IX; also has a poUttization rotation half wave a/2 device PR2. The two 
polarization rotation devices PRl and PR2 are set to make the polarization parallel in the two 
branches A and B between PCI and DC and aligned with one eigen axis of PCI. 

A^ eating fixmi tiie directional coi^ler IXD. fibers A and B «{t^ and comi^ 
wifli a second polarization combiner PC2. Between DC and PC2. branch B is again provided 
with a loop 12 producing an optical delay in this branch greater than the coherence length of 



CA 02414023 2002-12-12 



the light soucoe, and is also iTOvidedwifli^ rotator PR3 adapted to xnaintain a 

half vfwt length. Depolarized light then exits by ou^ut OUTl through fiber A fiom PC2 and 
lo^es exit by output OUT2 Orou^ fiber B. 

Fig. 2 shows the birefiix^gence axis configuration widi the anan^^ent of Fig. 1. 
This is shown by the arrows at different locations in Fig. 2 . Thus, ite arrows at PC 1 show the 
birefiingence axis configuration after the polarized ligiht is pumped into PCI fiom INI . As 
the lis^thm passes through branches A and B between PCI and DC, itsbir^ringenoe axis 
is maintained parallel by PRl and FR2. The same birefiingence axis configuration is 
maintained in branch B between DC andPC2 by polarization rotator PR3 as shown by the 
arrows at PR3 . And at PC2 the lig^ is depolarized as shown by tiie arrows at PC2. 

Fig. 3 is sunilar to Fig. 1 and Fig. 2 but illustrates by the various arrows diown 
herein the state of polarization propagation within the depolarizer arrapgement Due to the 
phase DELAY 1 in this arnu^gement, the DC coupler outputs A and 
power and due to file {diase DELAY 2, the polarizations at the ou^ of PC2 are 
decorrelated. 

Fig. 4 shows file actual result of a DOP vs SOP at 1 490 nm adiieved fay the 
dq>olarizer of the present invrattoa It shows an excellent and stable DOP over the SOP 
scrambling time. 

I 

Finally, Fig. S shows the actual result of the polarization dependent loss (PDL) as a 
function of SOP scrambling time in the depolarize of the present invention. It shows that the 
low loss is conserved over a wide band spectral range. 



10 




CA 02414023 2002-12-12 

It should be noted that the all-fito, altSOP linear design depolarizer of the present 
invention is more achromatic than known fiber ring all-SOP designs, since it requires no 
polarization controller, other than using half wave PM length (0 order for flie lengA). 

The depolarizer of the present invention is veiy stable. The one passage lig^t 
i propagation in symmetrical branches makes it more stable than any other known design, 
especially when comparing it to the dual fiber ring couplets whece the configuration of the 
polarization controllers must be correlated 

The invention is defined in the following claims vihioh^ however, are not limited by 
the specific embodiments described and illustrated herein, but include various modifications 
} obvious to those skilled in the art. 
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CLAIMS 

1 . An all-fiber, all-states of polarization, linear design depolarizer for depolarizing a 
light source, which comprises: 

a. a first polarization combiner with two inputs and two outputs; 

b. a directional coupler connected to said first polarization combiner by two 
branches extending finom the ou^uts of the first polarization cambinor, one of the 
branches between flie coupler and the first polarization combiner having means 
adapted to produce an optical phase delay greater than the cohetence length of the 
light source, and each of the two branches having a polarization lotator means 
adi^yted to make the polarization in tile two blanches paraUel and aUgne 

eigen axis of tiie first polarization combiner; and 

c. a second polarization combiner following tiie coiqder and connected by 
two branches to said coupler, one of the branches betiveen flie couplear and tiie 
second polarization combiner having means adapted to produce an optical phase 
delay greater than the coherence length of the light source, and also having a 
polarization rotator means adapted to maintain a half wave lengdi. 

2. An aU-£n3er,aU-stat» of polarization, linear design dq» 

claim 1, in which the first polarization combiner is a Mach-Zehnder interferometer. 

3. An all-fiber, all-states of polarization linear design depolarizer according to 
claims 1 or 2, in vMch the directioiud coupler is a 3dB 2x2 coupler. 

4. An all-fiber, all-states of polarization linear design depolarizer according to 
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claims 1. 2 <w 3, in vWch flie means ads^ to produce an 

Ibe branches between Oe fint polarization combiner and the coupler consists of a fiber 
loop. 

5. An aU-fiber,alI-«tales of polarization linear design dqwiaiizeraccoiding to 

of claims 1 or 4, in which the means adapted to produce an optical phase delay in one of 
tile branches between the fir^ polarizatian combiner and the couple aro such as to 
produce equal average power in flie coujder ouQnits. 

6. An aU.fiber. aU-states polarization linear design depolarizer according to any one 
of claims 1 to S, in v»*ich the means adapted to i»oduce an optical phase delay betweoi 
the coupler and the second polarization combiner are such as to decorrelate the 
polarizations at fbe anaipat of the second polarization combiner. 

7. An aU-fn)er,aIl-«tatesofpolariation linear design dqwlarizer according to any 
one of claims 1 to 6. m yMch the polarization rotabnr means are such as to produce x/l 
rotation. 

8. An aU fiber, aU states pohuization linear design depolarizer according to any one 
of claims 1 to 7, in \v*ich ftus rototor means between flie coupler and tiie sectmd 

polarization oomlMner is a<Busted so as to maximiTO power at Ae output of die second 
polarizatim combine. 

9. An all fiber, all states polarization Imear design depolarizer accordmg to any one of 
claims 1 to 6, which is made of PM fibers and in which the polarization rotator means 
consist of a 90° axial rotation of tiie FM fibera. 

10. Method of producing an all-fiber, all-states of polarization, linear design 
depolarizer, which comprises: 
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a. co]Uiectingadirectioiialcoiq>leraiida^^ 

branches, using power measurement with a given linear state of polarization at the 
input of the coupler; 



combiner an optical phase delay greater tiian the coherence length of the light 

source to be depolarized and a polarization rotator means and adjusting said 

polarization rotator means so that maximal powv is detected attfaeou^utofthe 
polarization combiner; and 

c. connecting by two branches another polarization combiner at the opposite side 
of the coupler and providing in one of tiie bianchK b^ween said polarization 
combiner and the coupler an optical phase delay greater than the coherence length 
of the light source, and also providing a polarization rotator means in each branch 

to make the polarization in the two branches paiaUd and align 
axis of tile potarization combiner. 

1 1 . Method according to claim 10, in vAdch PM fibers aie used for producing the all- 
fiber, all-states of polarization linear design depolarizer, in which case the rotator 
means consist of a 90^ axial rotation of said PM fibers. 

12. Method according to claim 11, in whidi the 90^ axial rotation is achieved by fusion 
splicing ibc PM fibers at a 90"" angle. 



b. proWdiiig in oiieoftiie branches between the coupler and die polarization 
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